The dairy industry is characterised by a wide diversity of production systems. In this diverse environment, some of the difficulties can be minimised through the grouping of production units through the study of typology. The objective was to characterise the systems of milk production from West Parana State by considering production rates, area, power, facilities, and marketing of milk. To this end, 735 semistructured interviews with dairy farmers were performed by using a questionnaire for management practices and feed that is used on the farms. To obtain the explanatory variables used for principal component analysis (PCA) and hierarchical cluster analysis (HCA), a homogeneous division of 735 farmers in five groups was used. Ten per cent of producers were randomly selected for the performance of field visits to the properties, where a new questionnaire was applied with specific points regarding feeding management on the property, and feed was collected to determine its composition. The collected data were tabulated and feed was ranked based on the classification proposed by the NRC (2001). Analyses of feed were carried out in the Laboratory of Animal Nutrition of Unioeste. The West Parana State has five groups of dairy production systems. There is great variability in the fresh forages that are used, but maize silage is the main forage utilised for fermented feed, and concentrate supplementation is adopted by more than 60% of farms during both seasons. Changes in the levels of feed components are high among systems. Key words: Animal feed. Characterisation of production. Composition of foods. Dairy farming.
Introduction
In dairy farming, understanding the different realities of producers is made possible through production system studies. In these studies, the identification of technical and economic indicators allows us to characterise the productive efficiency ratios of each system and assists in the establishment of public policies (LOPES et al., 2007) . Among the determinants of productive efficiency in dairy production systems, herd productivity stands out. In the case of Brazil, for many properties, productivity is still low due to the low specialisation of production systems, especially with regard to feed (ZOCCAL et al., 2008) .
When feeding cattle, costs represent 40-80% of the dry matter (DM) of the diet of many categories that make up the dairy herd (COSTA et al., 2011) , and the higher the proportion of concentrate in the diet of animals, the higher the production costs of milk production (SILVA et al., 2008) . In addition to the type of feed that is used in herds, the composition of the feed also affects milk production. Knowledge of feed and variation in the intensity of use and composition is very important for the understanding of milk production systems, also known as typology studies.
These studies are usually conducted considering not only the intrinsic characteristics of each farm, but also the feasibility and existing economic barriers for each reality. Through these, it is also possible to establish intervention strategies in order to minimise the heterogeneity of productive actions, promoting social and economic development of small and medium farmers.
For Brazilian dairy production, conducting systems studies is extremely important, since they identify not only the characteristics of milk production, but also the main factors hindering further development of this activity (BRITO et al., 2004) , as well as isolated variables that infer and determine those factors.
The activity of dairy farming allows the coexistence of many production systems in the same region or locality. This diversity is possible because the definition of the production system in each factory is the result of association and a combination of factors involving the physical basis, socioeconomic, and cultural factors of each farm (SMITH et al., 2002) .
Each production unit coexists within a regional context, where the type and nature of production should be in line with the demands of the product and its marketing. For this reason, studies of production systems allow farms to be studied in the homogeneous groups form. The study of farms in groups of production systems eliminates the need for individual case studies, which are generally expensive and require a long time (SMITH et al., 2002) .
How each component relates to others, and the decisions taken at any point of the system have direct and indirect impacts (BARIONI et al., 2003) . Therefore, this study aimed to characterise the milk production systems from West Parana State based on animal performance and feed systems that were adopted during the winter and summer.
Materials and Methods
This study was conducted in West Parana State. Data collection was performed during the year 2011. The municipality that was considered in the study is located at the Third West Paraná Plateau, between parallels 24°26' and 24°46' south latitude and 53°57' and 54°22' west longitude, which covers an area of 748 km 2 . The climate is predominantly a humid temperate type, according to the classification of Köppen and Geiger (1928) , and the soil is predominantly a clay soil.
Visits to the properties for milk and feed collection started in August 2012 for the winter season and in January 2013 for the summer season. Sixty-seven properties were visited in the winter, but only 59 were included in the summer due to the abandonment of milk production of the excluded properties, whereas the first sampling consisted of 76 producers.
For the collection of data on the production and milk supply systems, we used a semi-structured questionnaire that was prepared in order to identify at least 80% of the municipality's milk producers. The questionnaire contained questions about the registration data, characterisation of the owner and the farm, milk production and flock, and feeding management (Table 1) . The semi-structured questionnaire was prepared by teachers and students participating in the project and PLEXSUS, based on studies by a group of researchers and technicians regarding the production and quality of milk, while using the techniques for data collection and research in SPL (DEDIEU et al., 1997; SOLANO et al., 2000; DAMASCENO et al., 2008) .
The questionnaire was carried out in SEAB (Secretariat of Agriculture and Supply) in West Parana State in November 2011 while using the opportunity to visit the local producers to identify proof of vaccination against FMD. About 80% of registered milk producers in SEAB answered the questionnaire, thereby totalling 735 producers that were interviewed.
During visits to collect milk and feed during the winter and summer, we applied a new questionnaire, which specifically looked at feed management used on the property. The data that was collected through the questionnaires were tabulated again in Excel, and feed that was used at the properties was classified based on the classification of feed proposed by the NRC (2001).
Also during the visits, individual concentrate samples and other feed that was used in the properties were collected. The samples were kept refrigerated to preserve them, and upon arrival at the Animal Nutrition Laboratory of UNIOESTE, they were processed as described by Silva and Queiroz (2002) for the determination of their chemical composition. Analyses were performed in duplicate for 432 feed types that were collected for the determination of dry matter (DM), mineral matter (MM), crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), and ether extract (EE).
The data obtained from the questionnaires were tabulated in Excel and with SPSS 18.0 software, using multivariate statistics. Data were submitted to principal component analysis (PCA) and hierarchical cluster analysis (HCA) to divide the 735 producers into five homogeneous groups.
For the study, each producer's response was considered to be a variable, and was selected by means of the variable selection method (Table 1) . Principal component analysis (PCA) identified responses that contributed the highest scores in terms of explained variance (KUBRUSLY, 2001) and were true to the original data (Cronbach's α>0.75). This methodology allows for the exploration of categorical data and is analogous to factor analysis, which allows for the graphical verification of the relationships between categories of variables. So, 23 variables were kept (Table 1) , each containing the occurrence of levels so that the creation of these variables followed the concept of the creation of "constructs", that is, an effort to give statistical significance to a concept that is to be evaluated (BARROSO; ARTES, 2003) .
After the selection and construction of variables, we proceeded to the tabulation of questionnaire responses in order to obtain a matrix in which the rows correspond to dairy production systems and the columns correspond to the set variables. Also, we proceeded to up transformation and encoding of the categories for each variable, thus allowing the use of principal component analysis (CRIVISQUI, 1995; PEREIRA, 1999; MINGOTI, 2005) .
Thus, qualitative data were analysed by using principal component analysis (PCA) (LEBART et al., 2000; SMITH et al., 2002; BARROSO; ARTES, 2003) , while adopting the software IBM SPSS Statistics 18.0.
A matrix was formed with the response variables, and they were analysed through analysis of hierarchical clusters (AHC) in order to divide the producers into heterogeneous groups with each other and homogeneous groups among the constituent producers (REIS, 2000) . The AHC was performed with SPSS 18.0 software.
The analysis of hierarchical clusters to separate the 735 producers into five groups-10% of which were selected from the producers of each group to carry out the on-site visits in the properties-totalled 76 chosen properties. Only 10% of producers were chosen from each group for the financial feasibility of carrying out visits and laboratory analyses, and this percentage is considered to be statistically significant and representative.
The addresses of selected properties were identified and mapped, and the visits were conducted in order to invite producers to a technical meeting in UNIOESTE on 21 March 2012. At this meeting, the project was explained and all of the producers' doubts were clarified. Also on this date, a more specific questionnaire about milk production and management was conducted.
Results and Discussion
The principal component analysis (PCA) grouped the 735 milk producers that were interviewed into five homogeneous groups (Table 2) . The two dimensions found by ACP were: principal component 1 (PC1), explaining 49.4% of the variance, and principal component 2 (MP2), explaining 22.5% of the variance, which total 71.9% when grouped together (Table 3) , exceeding the recommended minimum of 70% (BARROSO; ARTES, 2003) . Nineteen variables were listed for the major components 1 and 2, which assumed the highest values for each dimension and had a greater contribution to the cumulative variance. The identified groups showed significant differences in the main parameters that addressed their classification (Table 2) . Group 1 included properties that adopt the milk production system as the main alternative source of income, but dedicated to the production, small land area and small number of animals, with low average daily production (82 L).
In the graphic representation of the grouping of properties into five production system groups, the quadrants that were obtained from the intersection of the axes of the main components (MP1 and MP2) enable an interpretation of the characteristics related to the milk production for each group (Figure 1) . The same features in group 1 are present in group 2, but these particular properties indicate diversification of production systems, development of other activities within the limits of the property, and utilisation of dairy farming as a source of secondary income. Among the activities that were developed in these properties as primary sources of income, are agricultural cultivation with grain Typology of dairy production systems from West Parana State based on production indices and feed used production, pig breeding and commercial poultry.
Group 3 stands out from the others because it is the one with the highest production rates, so that the members of this group are positioned on the positive side of the axes MP1 and MP2 (Figure 1 ). The producers of this group adopt the necessary measures for the growth and expansion of activity on the property, such as the use of sanitary practices, management of livestock and pastures, and the availability of improvements and equipment (IPARDES, 2009) . In groups 4 and 5, the dairy business is the main financial source of the property, though the groups differ in the daily production (Table 2) .
During visits to the sampled properties, which totalled 67 in the summer and 59 in the winter, feed was identified and is listed in Table 4 , which was classified into groups based on the classification of feed proposed by the NRC (2001). For dry bulky were observed for the variety of oats, hay, and Tifton 85, while the variety of green bulky that was used in animal feed was greater with several annual and perennial grasses, some hibernal, and other estival, in addition to the legume alfalfa. In the class of green bulky, the pastures of Tifton 85 stood out at 61.02% of the properties in the summer and 38.81% of the properties in the winter. Tifton 85 is a forage grass that is traditionally used in western Paraná, both for grazing and for hay production (CASTAGNARA et al., 2011) .
It is worth noting that some properties adopted new forage technologies for animals in order to provide new forage species that are distinct from those that are traditionally used, such as the Aries grass (Panicum maximum cv. Aries), the Sudan grass (Sorghum sudanense), and the Vaquero grass (Cynodon dactylon cv. Vaquero). However, in the same way, some properties still insist on using old grasses that are recommended for gardening, with low production potential and composition (Table 5) , such as the Mato thick grass (Paspalum notatum) (MACIEL et al., 2008) and Always Green (Axonopus compressus) (KOJOROSKI-SILVA et al., 2011) .
The supply of forages in pieces was also observed, so that sugar cane and the whole maize plant were used in winter in 7.46% and 4.48% of the properties, respectively, while in the summer only chopped sugar cane was used in 3.39% of the properties.
Sugar cane has a low nutritional value (SIQUEIRA et al., 2012) (Table 5) , which limits its use in dairy herds, and is only recommended for average, low production animals. However, the high dry matter yield per unit area is the main factor that still encourages its use (SIQUEIRA et al., 2012) . The whole maize plant also has a high dry matter production potential per unit area, but it has a nutritional value that is higher than the cane (ZEOULA et al., 2003) (Table 5) , thus giving it the potential to feed dairy cattle.
In the case of fermented bulky, the only feed that was used in the properties was maize silage, which was traditionally produced and used in the region of the West Parana State to feed dairy cattle. The use of this feed presented as highlight, was observed in 67.16% of the properties in the summer and in 62.71% of the properties in the winter.
Of the collected and analysed feed, we would like to highlight some that showed different values than those found in the majority of the literature. It may be noted, as described in Table 5 , that the Brachiaria brizantha averaged 15.03% CP and the maize whole plant contained 10.36% CP, 18.77% DM, and 7.70% MM, while Valadares Filho et al. (2006) obtained a value of 10.65% CP for Brachiaria brizantha and 7.06% CP, 32.97% DM, and 3.99% of MM for the maize whole plant. The differences that were observed for the entire foot of maize were due to the different plant harvesting stages, because the visited properties had maize plants that were harvested for grinding and animal feeding around the time of the vegetative stage (bolting) when the highest proportion of leaves in plants was present. Consequently, there was a lower dry matter content and a higher percentage of crude protein when compared to whole plant maize silage-a point that was studied by Valadares Filho et al. (2006) . The differences that were observed for the Brachiaria are also due to the use of pig slurry (MONDARDO et al., 2011) and chicken manure (SANTOS et al., 2014) to fertilise pastures and to cultivate Brachiaria, because Piatã usually provides higher levels of crude protein when compared to other cultivars of the same genus (ORRICO JUNIOR et al., 2013).
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Other grasses that have good nutritional contents were also analysed. For instance, African star averaged 14.79% CP, 60.28% NDF, and 2.84% EE, and some of these components were close to those found by Favoreto et al. (2008) at 13.95% of CP, 69.34% NDF, and 1.26% of EE.
The African Star (Axonopus compressus) also presented with a high protein content, as it is not a specific grass for cattle production. This may be due to the high application of organic fertilisers such as swine manure, which is common in the region (MONDARDO et al., 2011) .
In Vaquero grass (Cynodon dactylon cv. Vaquero), which can be found in pastures that are considered to contain new technologies and are specific to cattle farming pastures, there is a high protein content of 16.53%-a value that is close to that obtained by Machado (2014) , which was 18.18% crude protein.
Of the feed concentrates, the commercial mixture was used to a greater extent, and was adopted as concentrated feed in 67.16% of the properties in the winter and in 69.49% of the properties in the summer.
Another option for reducing feeding costs is the use of alternative feed sources (SILVA et al., 2005) such as cassava dough, which was found in 20.90% of the properties in winter and 13.56% in summer, soybean hulls, which has a good amount of fibre (Table 6 ) present in 1.69% of properties in the summer, as well as cottonseed meal and optimal protein (Table 6 ), which were used at 2.99 to 1.49% of properties in winter, respectively.
Of the concentrated energy, ground maize and wheat bran as well as derivatives and by-products of cassava, such as the root of the mass of chopped cassava, were used. In this particular case, manioc concentrate was classified as effective and not as an energy fibre due to the low crude protein content of less than 2%. Even as protein concentrate was observed in some properties, soybean meal, cotton, and cotton seed were found to have similar compositions between the samples that were collected due to the low standard deviation (Table  6 ).
Mixtures of concentrated ingredients (feed) have been identified separately based on a skew in the feed NRC (2001) class, whereas were observed in properties the commercial mixtures (bought at a local market), as well as in homemade mixtures (prepared on the properties). However, only 14.93% of the properties in the winter and 16.95% of the properties in the summer prepared the concentrate mixture on the property. In the presence of quality technical assistance, the adoption of this technique is promising from the point of view of cost savings with regards to the feed safety of animals, due to the knowledge of the origin and condition of the feed that was used.
When considering the feed concentrates (Table  6) , there were some mixed results when compared to other studies. It may be noted that although there is some standardisation of the plants for the commercial concentrate, there was a high standard deviation between the samples. Some examples can be found in the crude protein content, in which the variation between samples was 11.09 to 31.04% and the neutral detergent fibre was 8.91 to 38.38%.
The ground maize (grits) was the feed with the most variation when compared to the literature for NDF and ADF, with 9.46% and 2.98%, respectively. According to Valadares Filho et al. (2006) , ground maize has levels of 17.09% NDF and 5.95% of ADF in dry matter. Zambom et al. (2001) observed values of 5.44% for the ADF ground maize. These variations are due to the characteristics of maize that was obtained on the farm and the conditions of the time and storage in the warehouses of processors companies and own property (CARVALHO et al., 2009) .
Maize pollard, which is also called cracked maize and cob, is especially used on small farms in times of feed shortage or as a substitute for grain maize due to its low cost (PORTO et al., 2008) . NDF and ADF for maize pollard also resulted in big differences, with 22.84% and 9.53%, respectively. Meanwhile, the literary values were close to 61.32% and 17.65% for NDF and ADF (VALADARES FILHO et al., 2006) . Soybean meal has widely varying values when compared to other studies. In this case, we observed 47.61% CP and 2.03% of EE; levels of 51.41% CP and 3.45% EE, and 48.78% CP and 1.71% EE were observed by Zambom et al. (2001) and Valadares Filho et al. (2006) , respectively.
There is great variability in fresh forages that were used, but maize silage is the main forage for fermented feed and concentrate supplementation, and is adopted by most of the properties in the two seasons. The variety in feed composition between production systems compared to other authors is high, probably due to the fertiliser used, which varies for each production system.
As for the systems groups in this study, some factors differentiate them from each other, highlighting the difficulties encountered in organising daily activities, also due the variation of physical structures of the farms and a reduced livestock control of herds.
Other relevant information on the characteristics of production systems is the difficulty encountered in the return of capital generated for the activity itself. Under these conditions, the income generated on the farm every month is practically all committed to family expenses, so that only a small percentage of that revenue could be returned to dairy farming in the form of investment in technologies that could contribute to increased production rates.
Conclusion
The West Parana State has five groups of milk production systems with different technological and production levels, those being characterised by having mostly small farms and family farming.
Given the difficulties of organisational order within each system and financial order because of the return on capital generated for their own activity, milk production proved to be a great ally for sustenance, mainly for small producers in the studied systems.
